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ANTENNA INTEGRATED WITH SOLAR
BATTERY

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s based on Japanese Patent Application
No. 2012-021804 filed on Feb. 3, 2012, the disclosure of
which 1s incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to an antenna integrated with
a solar battery.

BACKGROUND

An antenna integrated with a solar battery 1s known in the
art, Tor example, as disclosed 1n Japanese Patent Publication
No. H10-270925. The prior art antenna, which 1s composed
of an electric-conductor film and an array-antenna element, 1s
formed on a solar battery. The electric-conductor film of the
antenna 1s made of metallic material, which 1s formed 1n a thin
film. Since resistivity of the electric-conductor film 1s high,
loss of the antenna as a whole 1s large. Antenna gain 1s thereby
largely decreased.

SUMMARY OF THE DISCLOSUR.

(L.

The present disclosure 1s made 1n view of the above points.
It 1s an object of the present disclosure to provide an antenna
integrated with a solar battery, according to which loss of the
antenna can be reduced as a whole so as to improve antenna
gain.

According to a feature of the present disclosure, an antenna
integrated with a solar battery 1s composed of the solar battery
and an antenna, wherein the antenna has a radiation-element
portion above the solar battery. The radiation-element portion
1s made ol metallic material and formed not 1n a thin film but
in a net-like fashion. Resistivity of such radiation-clement
portion 1s not increased and loss of antenna can be made
smaller as a whole. Accordingly, antenna gain 1s improved.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present disclosure will become more apparent from the fol-
lowing detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 1A 1s a schematic cross sectional view showing a
structure of an antenna integrated with a solar battery accord-
ing to a first embodiment of the present disclosure;

FIG. 1B 1s a schematic plane view showing the antenna
integrated with the solar battery, 1n which a dielectric body 1s
omitted from the drawing;

FIG. 2 1s a schematic perspective view showing the struc-
ture of the antenna;

FIG. 3 1s an enlarged schematic view showing a relevant
portion of the antenna, 1n which wire rods cross with each
other;

FIGS. 4A to 4C are schematic views for explaining rela-
tionship between a number of the wire rods included 1n one
wavelength and a number of division for one wavelength;

FI1G. 515 a graph showing relationship between the number
of division for one wavelength and transmissivity of sunlight
with respect to the antenna;
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2

FIGS. 6A and 6B are a cross sectional view and a plane
view, each schematically showing an antenna integrated with
a solar battery according to a second embodiment of the
present disclosure;

FIGS. 7A and 7B are a cross sectional view and a plane
view, each schematically showing an antenna integrated with
a solar battery according to a third embodiment of the present
disclosure;

FIGS. 8A and 8B are a cross sectional view and a plane
view, each schematically showing a modification of the first
embodiment;

FIGS. 9A and 9B are a cross sectional view and a plane
view, each schematically showing a modification of the sec-
ond embodiment; and

FIGS. 10A and 10B are a cross sectional view and a plane
view, each schematically showing a modification of the third
embodiment.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

(First Embodiment)

A first embodiment of the present disclosure will be
explained with reference to FIGS. 1 to 5. A structure of an
antenna, which 1s formed 1n a flat shape (so-called, a patch
antenna), will be explained.

As shown1n FIG. 1A, an antenna 10 integrated with a solar
battery 1s composed of a solar battery 11 and a patch antenna
12.

As shown 1 FIG. 1B, the solar battery 11 1s formed 1n a
rectangular shape, one of surfaces of which 1s directed in an
upward direction. The solar battery 11 1s composed of mul-
tiple bus-bar electrodes 11a and multiple grid lines 115 cross-
ing with the bus-bar electrodes 11a at a night angle. In the
solar battery 11, a power-generation cell recerves sunlight to
generate electric power, which 1s collected at the bus-bar
clectrodes 11a via therespective grid lines 115 and charged 1n
a battery.

The patch antenna 12 has a radiation-element portion 13
arranged on an upper side of the solar battery 11. As shown 1n
FIG. 1B and FIG. 2, the radiation-element portion 13 1s made
ol fine metallic wire rods 134 and formed 1n a net-like fashion.
The patch antenna 12 has a bottom-board portion 14 arranged
above the solar battery 11. The bottom-board portion 14 1s
likewise made of fine metallic wire rods 14a and formed 1n a
net-like fashion. The patch antenna 12 further has a feed-line
portion 15 arranged above the solar battery 11 but below the
bottom-board portion 14. As shown 1n FIG. 2, the feed-line
portion 15 1s likewise made of fine metallic wire rods 15a and
formed 1n a net-like fashion. The feed-line portion 135 1is
composed of a vertical feed-line portion 15A extending 1n a
vertical direction and a horizontal feed-line portion 15B
extending 1n a horizontal direction.

The wire rods 13a, 14a and 15a of the radiation-element
portion 13, the bottom-board portion 14 and the feed-line
portion 15 overlap each other 1n the vertical direction. Fur-
thermore, the wire rods 13a, 14a and 15a are arranged to
overlap the bus-bar electrodes 11a and grid lines 115 1n the
vertical direction. The radiation-element portion 13, the bot-
tom-board portion 14 and the feed-line portion 15 are sup-
ported by a transparent dielectric body 16. The dielectric
body 16 1s made of, for example, glass-based material or
resin-based material. The dielectric body 16 has a rectangular
outer shape, when viewed in the vertical direction. The outer
shape of the dielectric body 16 coincides with the rectangular
outer shape of the solar battery 11 1n the vertical direction.
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Asshownin FIG. 2, each of the wire rods 15q of the vertical
teed-line portion 15A 1s connected to respective wire rods
13a of the radiation-element portion 13, at each connecting
point between the radiation-element portion 13 and the ver-
tical feed-line portion 15A. In a similar manner, each of the
wire rods 15q of the vertical feed-line portion 15A 1s con-
nected to respective wire rods 15a of the horizontal feed-line
portion 1513, at each connecting point between the vertical
teed-line portion 15A and the horizontal feed-line portion
15B. Multiple wire rods 154 of the vertical feed-line portion
15A are arranged in a crosswise form, when viewed in the
vertical direction.

A wire diameter “¢” (shown 1n FIG. 3) of each wire rod
13a, 14a and 15a 1s made to be larger than an epidermal depth
“d” of each wire rod 134, 144, and 154 at a usable frequency
for the patch antenna 12. The epidermal depth “d [m]” can be
obtained by the following formula 1:

<Formula 1>

A~ 2T p)

m: 2T

{: usable frequency [Hz] for the antenna

Ww: magnetic permeability [H/m]

0: electric conductivity [S/m]

For example, in a case that the usable frequency “I” for the
antenna is “100x10° [Hz]”, the magnetic permeability “n” of
the wirerod is “4mx10~" [H/m]”, and the electric conductivity
“0” of the wire rod (cupper) is “58x10° [S/m]”, then the
epidermal depth becomes “6.6x107° [m]”.

Each of intervals “K” (shown in FIG. 3) between the
respective wire rods 13a, 14a and 154 1s decided so as to meet
the following formula 2:

K=»N <Formula 2>

A: wavelength [m] obtained from the usable frequency for
the antenna,

N: a number of division for one wavelength

As above, each of the respective intervals “K” 1s set as a
value smaller than the wavelength “A” obtained from the
usable frequency of the antenna.

The number “N” of division for one wavelength indicates a
number of divided parts of the wavetform for one wavelength,
wherein one wavelength “A” 1s divided into several parts by
multiple wire rods included 1n a range of one wavelength. In
other words, the number “N”” of division for one wavelength
1s related to a number of wire rods included 1n the range of the
one wavelength.

For example, as shown 1n FI1G. 4A, when the number of the
wire rods 1s 5 (five) included 1n one wavelength, the number
“N” of division becomes 4 (four). In a case that the number of
the wire rods 1s 3 (three), as shown 1n FIG. 4B, the number
“N” of division becomes 2 (two). Furthermore, as shown 1n
FIG. 4C, when there are 2 (two) wire rods 1n the range of the
one wavelength, the number “N” of division i1s 1 (one).

The interval “K” between the neighboring wire rods
becomes larger, as the number of the wire rods included in the
range of the one wavelength becomes smaller. For example,
in a case that the usable frequency for the patch antenna 12 1s
“100 [MHz]”, and speed of light is “3x10° [m/s]”, the wave-
length “A” is calculated by the “3x10® [m/s]”/100 [MHz]”.
As a result, the wavelength “A” becomes “3 [m]”.

In the above explained structure, since the dielectric body
16 1s provided between the bottom-board portion 14 and the
horizontal feed-line portion 15B (a portion of the feed-line
portion 15), a structure for a microstrip-transmission path 1s
formed. Radio wave, which 1s transmitted or received via the
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4

radiation-clement portion 13, 1s sent from or sent to an elec-
tric circuit (not shown) via the structure for the microstrip-
transmission path.

A relationship between the number “N” of division for the
one wavelength and transmaissivity “T”” of sunlight through
the patch antenna 12 will be explained with reference to FIG.
5.

FIG. 5 shows an example of a case, according to which the
material for the wire rod is cupper (p=58x10° [S/m]) and the
usable frequency “1”1s 100 [MHz] . The wire diameter “¢” for
cach characteristic curve indicated by a letter “a”, “b™ or *“c”
1s larger than (or equal to) the epidermal depth “d”. More
exactly, the letter “a” shows a case 1n which the wire diameter
“¢” for the wire rod 1s larger than the epidermal depth “d” by
ten (10.0) times. The letter “b” shows a case in which the wire
diameter “¢p” for the wire rod 1s larger than the epidermal
depth “d” by three (3.0) times. The letter “c”” shows a case 1n
which the wire diameter “¢” for the wire rod 1s larger than the
epidermal depth “d” by one (1.0) times. A letter “d” shows a
case 1n which the wire diameter “¢” for the wire rod 1s larger
than the epidermal depth “d” by 0.3 times. In other words, 1t
shows the case 1n which the wire diameter “¢” for the wire rod
1s smaller than the epidermal depth “d”.

In FIG. 5, a hatched area Z1 indicates an area 1n which the
wire diameter “¢” for the wire rod 1s smaller than the epider-
mal depth “d”. A performance of the patch antenna 12 1s
extremely decreased 1n this area Z1. Another hatched area 72
indicates such an area, 1n which the number “N”’ of division
for the one wavelength 1s smaller than *“1”. In other words, the
number of the wire rods included 1n the range of the one
wavelength becomes smaller than 2, so that the interval “K”
between the wire rods becomes larger than the wavelength
“A”. Theretore, the performance of the patch antenna 12 1s
also extremely decreased 1n this area Z.2.

The transmissivity “T (%) of sunlight indicates a degree
of the sunlight passing through the patch antenna 12, which
can be obtained by the following formula 3:

T=((K-9)*/K*)x100 <Formula 3>

As shown 1n FIG. 5, 1n the case indicated by the letter “a”,
the interval “K” between the wire rods becomes suificiently
large, when the number “N” of the division for the one wave-
length 1s smaller than 200, so that the transmissivity “T (%)”
of sunlight becomes a value larger than 99 (%). In the case
indicated by the letter “b”, the interval “K” between the wire
rods becomes sufficiently large, when the number “N”” of the
division for the one wavelength 1s smaller than 600, so that the
transmissivity “T (%) of sunlight becomes a value larger
than 99 (%). In the case indicated by the letter “c”, the interval
“K” between the wire rods becomes suiliciently large, when
the number “N” of the division for the one wavelength 1s
smaller than 2000, so that the transmissivity “T (%) of sun-
light becomes a value larger than 99 (%).

In the case indicated by the letter “d”, namely 1n the case
that the wire diameter “¢” for the wire rod 1s smaller than the
epidermal depth “d”, the transmissivity “T (%) of sunlight 1s
expected to become a value larger than 99 (%), when the
number “N”” of the division for the one wavelength 1s smaller
than 5000. However, since the case of the letter “d” 1s
included in the area Z1 (in which the wire diameter “¢” 1s
smaller than the epidermal depth “d”), the performance of the
patch antenna 12 1s extremely decreased. Namely, the antenna
12 can not suificiently bring out the function for the antenna.

According to the present embodiment, as explained above,
the antenna integrated with the solar battery has the solar
battery 11 and the patch antenna 12, wherein the patch
antenna 12 has the radiation-element portion 13 arranged
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above the solar battery 11. The radiation-element portion 13
1s made of metallic material, which 1s formed not 1n the thin
film but 1n the net-like fashion by wire rods 13a. In the
radiation-element portion 13 of such structure, resistivity 1s
not increased too much, and thereby loss of the patch antenna
12 as a whole can be made smaller. Accordingly, the antenna
gain can be improved.

In addition, the bottom-board portion 14, which 1s arranged
above the solar battery 11 and forms a part of the patch
antenna 12, 1s made of the metallic wire rods 14a in the
net-like fashion. Furthermore, the feed-line portion 15, which
1s also arranged above the solar battery 11 and forms a part of
the patch antenna 12, 1s made of the metallic wire rods 15a 1n
the net-like fashion. The resistivity for the bottom-board por-
tion 14 and the resistivity for the feed-line portion 15 are not
increased. The loss of the patch antenna 12 1s thereby made
smaller as a whole to thereby further improve the gain for the
patch antenna.

The radiation-element portion 13, the bottom-board por-
tion 14 and the feed-line portion 15 are arranged above the
solar battery 11 and the wire rods 13a, 14a and 1556 are
arranged to overlap each other in the vertical direction.
According to such a structure, those portions 13, 14 and 15 do
not largely block out the sunlight reaching to the solar battery
11, so that the solar battery 11 can effectively and sufficiently
receive the sunlight.

In addition, since the radiation-element portion 13, the
bottom-board portion 14 and the feed-line portion 15 are
supported by the transparent dielectric body 16, the transmis-
stvity of the sunlight reaching to the solar battery 11 1s not
adversely affected. The radiation-element portion 13, the bot-
tom-board portion 14 and the feed-line portion 135 are stably
and firmly supported by the dielectric body 16.

The outer shape of the dielectric body 16 coincides with the
outer shape of the solar battery 11 1n the vertical direction.
The upper side surface of the solar battery 11 1s not directly
exposed to the outside. In other words, the upper side surface
of the solar battery 11 1s protected by the antenna 12 arranged
on the solar battery 11.

In addition, the wire dimension “¢” for the respective wire
rods 13a, 14a and 154a 1s made to be larger than the epidermal
depth “d”, which 1s obtained from the usable frequency “T” of
the patch antenna 12. The interval “K” between the neighbor-
ing wire rods 13a, 14a and 154 1s made to be smaller than the
wavelength “A”, which 1s also obtained from the usable fre-
quency “1” of the patch antenna 12. The performance of the
patch antenna 12 1s not decreased, so that the patch antenna 12
can elfectively bring out 1ts function.

The respective wire rods 13a, 14a and 1354 are so arranged
as to overlap the bus-bar electrodes ha and the grid lines 1156
in the vertical direction. The wire rods 13a, 14a and 15a do
not largely block out the sunlight reaching to the solar battery
11. In other words, amount of the sunlight which 1s blocked
out by the wire rods 13a, 14a and 15a can be minimized, so
that the solar battery 11 can suificiently receive the sunlight.
(Second Embodiment)

A second embodiment of the present disclosure will be
explained with reference to FIGS. 6 A and 6B. As shown 1n
FIG. 6 A, an antenna 20 integrated with a solar battery has an
inverse-F-type antenna 22 1n place of the patch antenna 12.

The mverse-F-type antenna 22 has a radiation-element por-
tion 23 arranged on the upper side of the solar battery 11. As
shown in F1G. 6B, the radiation-element portion 23 1s made of
fine metallic wire rods 23a and formed in a net-like fashion.
The inverse-F-type antenna 22 has a bottom-board portion 24
arranged above the solar battery 11. As shown 1n FIG. 6B, the
bottom-board portion 24 1s likewise made of fine metallic
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6

wire rods 24a and formed 1n a net-like fashion. The mverse-
F-type antenna 22 further has a feed-line portion 25 arranged
above the solar battery 11 but below the bottom-board portion
24. The feed-line portion 25 1s likewise made of fine metallic
wire rods (not shown) and formed 1n a net-like fashion. The
teed-line portion 23 1s composed of a vertical feed-line por-
tion 25A extending 1n the vertical direction and a horizontal
teed-line portion 25B extending in the horizontal direction.
The 1mverse-F-type antenna 22 further has a connecting line
portion 26 for connecting one end of the radiation-element
portion 23 to the bottom-board portion 24. Although not
shown 1n the drawing, the connecting line portion 26 1s like-
wise made of fine metallic wire rods and formed 1n a net-like
fashion.

According to the second embodiment, the radiation-ele-
ment portion 23 (which is a part of the inverse-F-type antenna
22) 1s made of the fine metallic wire rods 23a and formed 1n
the net-like fashion. Since resistivity of the radiation-element
portion 23 1s not increased too much, and thereby loss of the
inverse-F-type antenna 22 as a whole can be made smaller.
Accordingly, the antenna gain can be improved. In addition,
since the bottom-board portion 24, the feed-line portion 25
and the connecting line portion 26 (which are components for
the inverse-F-type antenna 22) are formed in the net-like
tashion by the fine metallic wire rods, the loss of the inverse-
F-type antenna 22 can be made smaller as a whole and thereby
the antenna gain can be further improved.

(Third Embodiment)

A third embodiment of the present disclosure will be
explained with reference to FIGS. 7A and 7B. As shown 1n
FIG. 7A, an antenna 30 integrated with a solar battery has a
dipole antenna 32 1n place of the patch antenna 12.

The dipole antenna 32 has a pair of radiation-element por-
tions 33 A and 33B arranged above the upper side of the solar
battery 11. As shown 1n FIG. 7B, each of the radiation-¢le-
ment portions 33 A and 33B 1s made of fine metallic wire rods
33a and formed 1n a net-like fashion. The dipole antenna 32
has a bottom-board portion 34 arranged above the solar bat-
tery 11. As shown 1n FIG. 7B, the bottom-board portion 34 1s
likewise made of fine, metallic wire rods 34a and formed 1n a
net-like fashion. The dipole antenna 32 turther has a feed-line
portion 35 arranged above the solar battery 11 but below the
bottom-board portion 34. The feed-line portion 35 1s likewise
made of fine metallic wire rods (not shown) and formed 1n a
net-like fashion. The feed-line portion 35 1s composed of a
vertical feed-line portion 35A extending in the vertical direc-
tion and a horizontal feed-line portion 35B extending 1n the
horizontal direction. The dipole antenna 32 further has a
connecting line portion 36 for connecting one end of the
radiation-element portion 33B to the bottom-board portion
34. Although not shown 1n the drawing, the connecting line
portion 36 1s likewise made of fine metallic wire rods and
formed 1n a net-like fashion.

As 1n the same manner to the first and second embodiment,
the radiation-element portions 33A and 33B (which are parts
of the dipole antenna 32) are made of the fine metallic wire
rods 33aq and formed in the net-like fashion 1n the third
embodiment. Since resistivity of the radiation-element por-
tions 33 A and 33B1s not increased too much, and thereby loss
of the dipole antenna 32 as a whole can be made smaller. In
addition, since the bottom-board portion 34, the feed-line
portion 35 and the connecting line portion 36 (which are
components for the dipole antenna 32) are formed in the
net-like fashion by the fine metallic wire rods, the loss of the
dipole antenna 32 can be made smaller as a whole and thereby
the antenna gain can be further improved.
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(Further Embodiments and/or Modifications)

The present disclosure should not be limited to the above
embodiments but can be modified 1n various ways without
departing from the spirit of the present disclosure. For
example, the following modifications can be made.

The bottom-board portion and the feed-line portion may be
tormed not above the solar battery but below the solar battery.
For example, FIGS. 8A and 8B show a modification of the
first embodiment, according to which the bottom-board por-
tion 14 and the horizontal feed-line portion 15B (a part of the
teed-line portion 15) are arranged below the solar battery 11.
FIGS. 9A and 913 show a modification of the second embodi-
ment, according to which the bottom-board portion 24 and the
horizontal feed-line portion 25B (a part of the feed-line por-
tion 25) are arranged below the solar battery 11. FIGS. 10A
and 10B show a modification of the third embodiment,
according to which the bottom-board portion 34 and the hori-
zontal feed-line portion 35B (a part of the feed-line portion
35) are arranged below the solar battery 11. According to the
above modifications, only the radiation-clement(s) 13, 23,
33A and 33B of the respective antennas 12, 22 and 32 are
arranged above the solar battery 11. The amount of the sun-
light, which will be blocked out by the components of the
antenna, can be further reduced, to thereby increase the
amount of the sunlight to be recerved by the solar battery 11.

According to the present disclosure, the components for
the antenna are made of multiple fine wire rods and formed 1n
the net-like fashion. The antenna can be easily, formed 1n any
desired shape, so as to bring out an appropriate antenna per-
formance.

The above embodiments and modifications can be com-
bined to each other 1n the present disclosure.

What 1s claimed 1s:

1. An antenna integrated with a solar battery comprising:

the solar battery;

an antenna having a radiation-element portion arranged
above an upper side of the solar battery;

a bottom-board portion arranged between the radiation-
clement portion and the solar battery in the vertical
direction of the antenna; and

a feed-line portion having a vertical feed-line portion and a
horizontal feed-line portion, the horizontal feed-line
portion being arranged between the bottom-board por-
tion and the solar battery in the vertical direction of the
antenna; wherein

the radiation-element portion 1s made of metallic wire rods
and formed 1n a net-like fashion;

the wire rods are arranged to overlap an area for bus-bar
clectrodes and grid lines of the solar battery 1n a vertical
direction of the antenna:
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cach of the wire rods 1s arranged parallel to the bus-bar
clectrodes or the grid lines when viewed 1n the vertical
direction of the antenna;

the bottom-board portion 1s made of metallic wire rods and
formed 1n a net-like fashion,

cach of the wire rods of the bottom-board portion 1s
arranged parallel to the bus-bar electrodes or the gnd
lines when wviewed in the vertical direction of the
antenna,

the horizontal feed-line portion of the feed-line portion 1s
made of metallic wire rods and formed 1n a net-like
fashion, and

cach of the wire rods of the horizontal feed-line portion 1s
arranged parallel to the bus-bar electrodes or the gnd
lines when wviewed in the vertical direction of the
antenna.

2. The antenna according to claim 1, wherein

the wire rods for the radiation-element portion and the wire
rods for the bottom-board portion overlap each other 1n
the vertical direction of the antenna.

3. The antenna according to claim 1, wherein

the wire rods for the radiation-element portion, the wire
rods for the bottom-board portion and the wire rods for
the horizontal feed-line portion overlap one another in
the vertical direction of the antenna.

4. The antenna according to claim 1, wherein

the radiation-element portion and the bottom-board por-
tion are supported by a transparent dielectric body.

5. The antenna according to claim 4, wherein

the dielectric body has an outer shape, which coincides
with that of the solar battery in a vertical direction of the
antenna.

6. The antenna according to claim 1, wherein

the radiation-element portion, the bottom-board portion
and the feed-line portion are supported by a transparent
dielectric body.

7. The antenna according to claim 1, wherein

a wire diameter of the wire rods 1s made to be larger than an

epidermal depth of the wire rods at a usable frequency
for the antenna.

8. The antenna according to claim 1, wherein

an interval between the wire rods 1s made to be smaller than

a wavelength of a usable frequency for the antenna.

9. The antenna according to claim 1, wherein each of the
wire rods 1s arranged parallel to both the bus-bar electrodes
and the grid lines when viewed 1n the vertical direction of the
antenna.



	Front Page
	Drawings
	Specification
	Claims

